Extreme mobility enhancement of two-dimensional electron gases at oxide interfaces via charge transfer induced modulation doping by Chen, Yunzhong et al.
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
• You may not further distribute the material or use it for any profit-making activity or commercial gain 
• You may freely distribute the URL identifying the publication in the public portal  
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
   
 
Downloaded from orbit.dtu.dk on: Nov 08, 2017
Extreme mobility enhancement of two-dimensional electron gases at oxide interfaces
via charge transfer induced modulation doping
Chen, Yunzhong; Trier, Felix; Wijnands, T. ; Green, R. J. ; Gauquelin, N. ; Egoavil, R. ; Christensen,
Dennis Valbjørn; Koster, G.; Huijben, M. ; Bovet, N.; Macke, S. ; He, F. ; Sutarto, R. ; Sulpizio, J. A. ;
Honig, M. ; Prawiroatmodjo, G. E. D. K. ; Jespersen, T. S.; Linderoth, Søren; Ilani, S. ; Verbeeck, Jo; Van
Tendeloo, G.; Rijnders, Guus; Sawatzky, G. A. ; Pryds, Nini
Publication date:
2015
Document Version
Peer reviewed version
Link back to DTU Orbit
Citation (APA):
Chen, Y., Trier, F., Wijnands, T., Green, R. J., Gauquelin, N., Egoavil, R., ... Pryds, N. (2015). Extreme mobility
enhancement of two-dimensional electron gases at oxide interfaces via charge transfer induced modulation
doping. Abstract from 22nd International Workshop on Oxide Electronics, Paris, France.
Extreme mobility enhancement of two-dimensional
electron gases at oxide interfaces via charge transfer
induced modulation doping
Yunzhong Chen1, F. Trier1, T. Wijnands2, R. J. Green3, N. Gauquelin4, R. Egoavil4, D. V.
Christensen1, G. Koster2, M. Huijben2, N. Bovet5, S. Macke3, F. He6, R. Sutarto6, J. A.
Sulpizio7, M. Honig7, G. E. D. K. Prawiroatmodjo8, T. S. Jespersen8, S. Linderoth1, S.
Ilani7, J. Verbeeck4, G. Van Tendeloo4, G. Rijnders2, G. A. Sawatzky3 and N. Pryds1
1 Department of Energy Conversion and Storage, Technical University of Denmark, Ris
Campus, 4000 Roskilde, Denmark
2 Faculty of Science and Technology and MESA+ Institute for Nanotechnology, University
of Twente, 7500 AE Enschede, The Netherlands
3 Quantum Matter Institute, Department of Physics and Astronomy, University of British
Columbia, Vancouver, British Columbia V6T 1Z1, Canada.
4 EMAT, University of Antwerp, Groenenborgerlaan 171, 2020 Antwerp, Belgium.
5 Nano-Science Center, Department of Chemistry, University of Copenhagen, 2100
Copenhagen, Denmark
6 Canadian Light Source, University of Saskatchewan, Saskatoon, SK S7N2V3, Canada.
7 Department of Condensed Matter Physics, Weizmann Institute of Science, 76100
Rehovot, Israel.
8 Center for Quantum devices, Niels Bohr Institute, University of Copenhagen, 2100
Copenhagen, Denmark
The discovery of two-dimensional electron gases (2DEGs) at the interface between two insu-
lating complex oxides, such as LaAlO3 (LAO) or gamma-Al2O3 (GAO) epitaxially grown on
SrTiO3 (STO) [1,2], provides an opportunity for developing all-oxide electronic devices[3,4].
However, large enhancement of the interfacial electron mobility remains a major and long-
standing challenge for fundamental as well as applied research of complex oxides. Here, with
in mind the intrinsic electronic structure of the STO 2DEG[5], we inserted a single unit
cell insulating layer of polar La1-xSrxMnO3 (x=0, 1/8, and 1/3) at the interface between
disordered LaAlO3 and crystalline SrTiO3 created at room temperature. We find that the
electron mobility of the interfacial 2DEG is enhanced by more than two orders of magnitude.
Our in-situ and resonant x-ray spectroscopic in addition to transmission electron microscopy
results indicate that the manganite layer undergoes unambiguous electronic reconstruction
and leads to modulation doping of such atomically engineered complex oxide heterointerfaces.
Moreover, the manganite spacer suppresses significantly the formation of oxygen vacancies
on the STO side by preventing the interfacial redox reaction [6], which underlies the key to
achieve the pure electronic reconstruction at the buffered interface. At low temperatures,
the modulation-doped 2DEG exhibits clear Shubnikov-de Haas oscillations and the initial
manifestation of the quantum Hall effect, demonstrating an unprecedented high-mobility
and low electron density oxide 2DEG system. These findings open new avenues for oxide
electronics.
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